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Reports of declining insect populations suggest that more research focusing on this
phenomenon is needed, especially in pollinator insects. Climate change, habitat destruction, and
usage of certain pesticides have all been implicated in insect decline. Neonicotinoid pesticides
are highly toxic to bees, can have drastic sub-lethal effects on behavior, and are persistent in the
environment; likewise, they have been implicated as a major factor affecting bee populations.
However, there are limited studies on native bees regarding their interactions with
neonicotinoids, even regarding simple questions such as exposure levels. In this study, we aimed
to assess concentrations of common neonicotinoids in native bees from a threatened habitat in
our region, the Black Belt Prairie, by using a modified QuEChERS LC/MS-MS protocol. Our
results showed that specific taxa of native bees- Bombus spp., Xylocopa spp., and Mellissodes
spp. (Family: Apidae)- were exposed to neonicotinoids. In contrast, no concentration of
neonicotinoids was detected in our soil samples.
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CHAPTER I
INTRODUCTION
Around the world, recent concerns about insect decline have been fervently debated by
scientists, the general public, and politicians (Hallman et al., 2017). Habitat loss, expansion and
intensification of agricultural activity, urbanization, pollution caused by primarily synthetic
fertilizers and pesticides, invasive species and pathogens, and climate change have all been
theorized to be major contributors towards this decline (Nilsson et al., 2008; Potts et al., 2010).
According to a massively cited review and meta-analysis by Sánchez-Bayo and Wyckhuys
(2019), among terrestrial insect taxa, the most dramatic effect of the decline can be seen in the
orders; Hymenoptera, Lepidoptera, and Coleoptera (especially Scarabaeoidea). Furthermore,
serious loss in species has been reported for aquatic insect taxa such as Odonata, Trichoptera,
Ephemeroptera, and Plecoptera. In addition, the authors claimed in the study that this drastic
decline in insect populations may precipitate the loss of 40% of global insect population in the
coming decades. Nevertheless, Mupepele et al. (2019) and several other groups (Simmons et al.,
2019; Thomas et al., 2019) have contested some of Sánchez-Bayo and Wyckhuys claims, stating
that the review has potential defects in its methodology, is not representative of current research,
and is prejudiced toward presenting a more extreme decline than it is in the insect population.
However, there is generally no objection to the facts that some form of decline is occurring and
that the factors mentioned in the review are responsible for insect decline (Mupepele et al., 2019;
Thomas et al., 2019). In perhaps the most heavily cited study from the recent primary literature,
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a total insect biomass study evaluating entomofauna has been conducted over 27 years in 63
protected areas in Germany using Malaise traps as part of a standardized collection method
(Hallman et al., 2017). In that study, it has been recorded that in 27 years total flying insect
biomass faced a seasonal decline of 76% and a mid-summer decline of 82% (Hallman et al.,
2017). The aforementioned study posits that the recent reduction in insect biodiversity has
resulted in a disruption of biosystem services and food chain stability across multiple ecosystems
(Hallman et al., 2017). Nevertheless, it has been stated that the study had some flaws, as there
was no continuous sampling from the sites; the data represented only localized areas; and the
study was based on total biomass, not species (Leather, 2017). Furthermore, Thomas et al.
(2019) stated that a purported decline in abundance, species richness, and total biomass has been
reported primarily by studies performed in isolated locations and that they might not be
applicable on a global scale. For instance, it has been reported by a long-term study that a loss in
flying insect biomass was observed in Hereford while no decline in aerial insect total biomass
was detected between 1973 and 2002 in Southern Britain (Shortall et al., 2009). However, to
make matters even more confusing, Fox et al. (2014) report that both a population decline in 260
moth species as well as a significant population increase in 160 other moth species occurred
between 1970 and 2010 in Great Britain.
In recent years, notable studies have been conducted on other taxa where significant
population declines have been reported. The abundance and distribution of eleven species of
roller dung beetles were analyzed using 6,870 records that were obtained in Italy during the 20th
century (Carpeneto et al., 2007). It was reported that nine out of the eleven dung beetle species in
question declined in population in spite of an increase in number of insect records during period
of the time, the last 30 years of the analyzed data . The decrease in relative frequency of records
2

for roller beetles was documented as 31% over the period treated in their study. This
phenomenon was attributed to factors such as a reduction in rangeland area for free ranging
bovines; an increase in agricultural activity; a growing trend of random reforestation; and a
cultural shift toward housing animals in stalls (Carpeneto et al., 2007). Another study by Nieto
and Alexander (2010) concluded that the logging, wood harvesting, and expansion of agricultural
fields had an impact on the numbers of saproxylic (dependent on dead or decaying wood) beetle
species, including some endemic species in Europe. Logging and wood harvesting were
identified as main factors affecting 35 threatened species out of 75 and 157 non-threatened
species, while it was stated that the expansion and intensification of agricultural activity affected
25 and 26 species, respectively (Nieto and Alexander, 2010). It has been stated that 15% of the
138 odonate species were classified as threatened; a dragonfly (Cordulegaster helladica sp.
kastalia) and two damselflies (Ceriagron georgifreyi and Pyrrhosoma elisabethae) were
categorized as critically endangered in Europe. Abundance and distribution of 25% all Odonata
species in the region were reported to have seen a decline while 10% of all species showed
increases and half of them did not show alterations in numbers and distribution. In addition, it
was pointed out that there was no sufficient record to define trends in population of remaining
12% (Kalkman et al., 2010).
One of the most widely voiced concerns of insect decline is the potential decline of
pollinators. It is believed that nearly 80% of wild plant species and 75% of human food
crops depend on insect pollination (Klein et al., 2013), while some of crops (most notably
cereal crops) do not require insect pollination (Klein et al., 2007). It is estimated that one
third of the pollinators of human crops are bees (Ollerton et al., 2011) and that wild bees
account for at least 20% of pollination (Losey and Vaughan, 2006). The estimated global
3

economic value of insect pollination has been reported as $168.48 billion per year (€ 153
billion) in 2005. The value of production per ton was determined as $842.96 (€ 761) and
$167.26 (€151) for insect-pollinated and non-insect pollinated crops, respectively (Gallai
et al., 2009).
Population studies of insect pollinators have shown drastic changes in some cases.
According to Biesmeijer et al. (2006), changes in the populations of local bees and
hoverflies were observed in Britain and Netherlands both before and after 1980. It was
stated that in both countries and taxa, 30% fewer records were obtained in half of the post1980 records. This decrease was documented as 29% fewer records for local bees and
hoverflies in Britain and as 32% for local bees and 39% for hoverflies in the Netherlands.
Also, it was recorded that there was an increase in species that were common pre-1980 in
Britain, whereas this was not observed in the Netherlands (Biesmeijer et al., 2006).
The 2007 revised “Red List” of Butterflies in Japan reported that 15% of the 240
species accounted for were classified as threatened (Ministry of Environment, Government of
Japan, 2009). In addition, it has been stated by Nakamura (2009) that while there have been
no known recent extinctions of butterfly species, some species have appeared to be verging on
extinction. Moreover, the rapidly declining populations of the grassland butterfly species
Melitaea scotosia (98%) and Arynnis nerippe (95%) indicate that population decline is
becoming a pressing issue (Nakamura, 2009). Possible reasons for this decline were listed as:
degradation in habitat due to human activity, decrease in numbers of satoyama (sustainable
management method for rural areas), disturbances in ecosystem due to pesticides and invasive
species, and climate change (Ministry of the Environment, 2007). Another pollinator study
which was conducted on the abundance and richness of bumble bees (Bombus spp.)
4

(Hymenoptera: Apidae) was published in Denmark by Dupont et al. (2011). In the study,
bombus bee species were categorized into two groups which were long-tongued (Bombus
hortorum, B. muscorum, B. pascuorum, B. ruderarius, B. subterraneus, B. distinguendus, B.
sylvarum, B. veteranus) and short-tongued (Bombus hypnorum, B. lapidarus, B. pratorum, B.
terrestis) bumble bee species. It is stated that bumble bees have a crucial role on pollination of
red clover and legumes in grasslands. Additionally, the corolla tube length of a flower
determines what type of bee (short-tongued or long-tongued) is eligible to visit it. Longtongued (~ at least 7mm ) Bombus bees are able to visit flowers with either long or short
corolla tubes (between 7-10 mm), while the short-tongued bees are only able to visit flowers
with short corolla tubes (Brian, 1954; Brian, 1957; Hobbs et al.,1961; Hobbs, 1962; Hawkins,
1961). Dupont et al., (2011) stated that the abundance and richness of long-tongued bumble
bee species have decreased since the 1930s while short-tongue bumble bee species have
remained unaffected. In addition, during mid-season an increase in abundance of queen was
recorded in the short-tongued species. Furthermore, the authors claimed that five longtongued and late- emerging bumble bee species disappeared (which were Bombus
distinguendus, B. sylvarum, B. veteranus, B. ruderarius, and B. subterraneus ), while Bombus
pascurum was the only long-tongued bumble bee species to show an increase in abundance
(Dupont et al., 2011). In Europe, 77 species native bees and 7 naturalized bee species out of
1965 have been documented as threatened and critically endangered, respectively. Three
species among the seven were endemic species: Ammobotes dusmeti, Andrena labiatula, and
Nomada sicilensis (Nieto et al., 2014). An extensive long-term study was declared that 293
stingless bee species (Megachilidae) were obtained in eight locations at Itasca State Park
(Minnesota) between 2010 and 2012. Abundance of a subset of 30 species were compared
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with the data from 1937 and a reduction in abundance of 11 species, entry of four new
species, and disappearance of 11 species was documented (Gardner and Spivak, 2014). In
Brazil, the population dynamics of 24 orchid bees (Apidae: Euglossina) was tracked over 12
years at two Atlantic forest reserves. Comparison of the results showed a decline in numbers
of 63% the species studied with forest-dependent bees declared as the most affected due to
rise in abundance of disturbed and open-access environments (Nemésio, 2013). Studies
conducted on alterations in population and both temporal and spatial status of bumble bees in
the eastern region of the North America continent since the middle 19th century showed that
half of the 14 bumble bee species studied have faced a decline in southern Ontario (Canada)
from 1971 to 2006 and three species (Bombus bimaculatus, B. impatiens, B. rufocintus )
showing increase in population. Contrarily, the absence of three species, which were B. affinis
(a species with one of the longest colony cycles [Macfarlane, 1974]), B. pensylvanicus, and B.
terricola was reported during the same period of the time (Colla and Packer, 2008).
In the last two decades, the agricultural usage of neonicotinoid pesticides has
become increasingly prevalent (Van der Sluijs et al., 2013). By 2008, neonicotinoids
comprised one quarter of the insecticide market with this rate rising to 27% in 2010
(Casida and Durkin, 2013). In 2011, imidacloprid become the most purchased insecticide
and the second most purchased pesticide after glyphosate (Pollock, 2011). Neonicotinoids
were introduced to the market in the early 1990s in the form of imidacloprid and
thiacloprid and have since become the preferred insecticide for insect pest management
(Tomizawa and Casida, 2011).The factors making this insecticide group preferable are that
they translocate to all parts of the treated plants by acting on xylem (primarily) and
phloem. Also, they have formulations that can be used in seed treatments, which prolongs
6

the protection period of the plants and provides selective toxicity for insects. The reasons
for this selective toxicity are that vertebrates have different nicotinic acetylcholine receptor
(nAChRs) binding sites and a lower overall abundancy of nicotinic receptors than insects
do (Magalhaes et al., 2009; Nauen et al., 2008; Van der Sluijs et al., 2013; Tomizawa and
Casida, 2005; Liu, Ju, and Cheng, 2010). Neonicotinoid insecticides act on nAChRs on the
post-synaptic membrane within the central nervous system as an acetyl cholinergic agonist
with a high binding affinity (Buckingham et al., 1990; Matsuda et al., 2005; Tomizawa,
2013; Palmer et al., 2013). This effect of neonicotinoids leads to death by inducing hyperexcitation in the insect nervous system (Tomizawa and Casida, 2005). The insecticide can
then move to the plant’s nectar, pollen, and guttation droplets (Bonmantin, Marchand et
al., 2005; Stoner and Eitzer, 2012; Girolami et al., 2009). Spraying of neonicotinoids is
authorized for most agricultural and horticultural plants blooming at year-round
(Bonmantin, Moineau et al., 2005). The most commonly used insecticidal agents from this
class are imidacloprid, clothianidin, thiamethoxam, thiacloprid, acetamiprid, sulfoxaflor,
and nitenpyram (Casida, 2010; Liu, Yao and Zhang, 2008; Cutler et al., 2013).
Studies on sub-lethal effects of neonicotinoids on insects have stated that there are
interactions between sub-lethal doses of the insecticides and sex ratio, orientation, molting,
mobility, adult longevity, navigation, neurophysiology, and larval development in insects
(Desneux et al., 2006). It has been reported that exposure to a sub-lethal dose of
neonicotinoids leads to impaired learning capacity in areas such as, olfactory memory
(Gauthier, 2010; Yang et al., 2012; Williamson and Wright, 2013), foraging activity, and
function of orientation in honeybees (Apis mellifera L.) (Yang et al., 2008). Schneider et
al. (2012) reported that there was a significant correlation between decreased foraging
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activity and longer foraging flight in honeybee groups fed with ≥ 0.5 ng/ bee clothianidin
and ≥1.5 ng/ bee imidacloprid during the first three hours after treatment.
Furthermore, potentially adverse effects of sub-lethal doses of imidacloprid on the
homing-rate of honeybees were studied by Bortolotti et al. (2003). The results of the study
stated that there was a significant difference between the control and treated group fed
with 100 ppb imidacloprid in terms of beginning to visit feeders. It was reported that after
the release which was on average 2-5 h and 24 h, respectively, with no critical difference
in returning to hive. Nevertheless, significant changes were observed between the previous
groups and treatment group fed with 500 ppb and 1000 ppb. In the group fed with a high
concentration of imidacloprid, failure to both visit the feeder and return to the hive was
observed during the 24-hour period after testing (Bortolotti et al., 2003). Another study on
the effect of sub-lethal doses of imidacloprid was conducted to investigate a possible
correlation between queen production and exposure to imidacloprid on bumble bee
Bombus terrestis (Hymenoptera: Apidae: Bombus). In the study, bumble bee colonies were
fed with pollen and sugar-water solution containing 6 µg/kg and 0.7 µg/kg of imidacloprid,
respectively, for two weeks under laboratory conditions. The concentrations used were
stated as the field realistic doses of the chemical. The colonies were then reintroduced to
the field to allow them to grow naturally. The study showed that treated colonies exhibited
an 85% reduction in queen production (Whitehorn et al., 2012). Van Tome et al. (2012)
conducted a study on the native stingless bee Melipona quadrifasciata anthidioides
(Hymenoptera: Apidae: Meliponinae). In this study, 18 different concentrations between
0.0 to 56 µg of imidacloprid (a.i) / bee were applied to bee groups to assess if there is a
relationship between exposure and neuromorphology, development, survival of the larva,
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or walking behavior of the adults. According to the study, concentrations above 5.6 µg
imidacloprid/ bee resulted in a survival rate below 50% with no observed sub-lethal effects
on the surviving bees. On the contrary, an inverse correlation between development of
mushroom bodies (which could affect learning process), the walking behavior of newly
emerged bees, and imidacloprid exposure was documented.
While the effects of neonicotinoids on Bombus spp. and honeybees (Apis mellifera)
have been relatively well studied, further studies are required for native bees as their level
of exposure to neonicotinoids in their native habitats remains poorly understood. Based on
distribution data of 62 wild bees collected in the UK over 18 years, Woodcock et al.
(2016) reported that sub-lethal doses of neonicotinoids could increase the loss of wild bee
biodiversity. In 2016, 136 current-use pesticide residue levels in native bees were analyzed
in Logan County, CO. 19 pesticide residues were detected in 54 composite samples and
the most abundantly detected pesticides were neonicotinoids. The residue levels of the
pesticides were analyzed by GC triple quadrupole mass spectrometry (MS/MS) or liquid
chromatography–tandem mass spectrometry (LC–MS/MS) with a sample mass range of
0.083-1.9 g. In the study, all native bees were pooled for each collection site (four
grassland sites and five winter wheat field sites) and no taxonomic identification was
conducted (Hladik et al., 2016). In Missouri, the effects of residue level neonicotinoid
contamination/concentration in margin soils and flowers on native bee biodiversity were
studied in protected areas in 2019. In the study, the residue analysis process was processed
with microwave-assisted solvent extraction followed by LC–MS/MS. To observe the effect
of the insecticide on the species richness of native bees, the bees were collected and
identified to genera. It has been reported that margin soils can represent a potential
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exposure route for pollinators and can in turn effect the biodiversity of native bees.
Conversely, there is a positive interaction between the richness of margin wildflower
species and native bee numbers regardless of the presence of pesticide (Main et al., 2020).
No residue analysis on native bees was conducted since the study was focused on
interactions between neonicotinoid residue levels in field margins and the biodiversity of
native bees. Another study conducted by Koh et al. (2016) focuses on the trends and status
of wild bee abundance. Koh et al. (2016) studied wild bee abundance in the U.S. from
2008 to 2013 using the Lonsdorf model (estimates the relative abundance of bees around
nesting sites using data pertaining to foraging distances, nesting, and floral resources)
(Lonsdorf et al., 2009). According to the results, 67% of U.S. land area showed a
consistent trend in wild bee abundance, while 23% of the U.S. demonstrated a decreased
trend in wild bee abundance. Moreover, it was indicated that there was a high risk for 9%
of U.S. land area to see further decline. Agricultural regions of Midwestern and Great
Plains states as well as, the Mississippi Valley were identified as the regions with the
highest risks for further decline. Lastly, 10% of the U.S. demonstrated an increase in the
abundance of wild bees and 3% of the U.S. (northern North Dakota, Pennsylvania,
southern Montana, eastern Washington, and several southeastern coastal areas and in the
Great Plains) was highly likely to have an increase in wild bee abundance. This increase
can be attributed to the transformation of lands such as soybean/corn fields, grasslands,
and pastures to ecologically higher quality areas like fallow crop fields and scrublands in
the areas (Koh et al., 2016).
In this study, we aim to assess residue level of neonicotinoids in a diverse local
habitat that has been heavily replaced by agricultural areas and has a well-defined bee
10

fauna (Smith et al., 2012), the Black Belt Prairie (Aim 1-2). Field collections will be
combined with new pesticide residue analysis methodology to determine exposure.
The Black Belt Prairie is a biogeographic region in Mississippi and Alabama that
supports a rich bee fauna, but it has been largely lost due to several anthropogenic factors
(Mississippi Museum of Natural Science, 2002; Smith et al., 2012). Prairies are a type of
grassland, and are found primarily in areas with calcareous bedrock, (DeSelm and
Murdock, 1993; Peacock and Schauwecker, 2003). The Black Belt Prairie is ecologically
important due to its high biodiversity. It has been reported that the prairie has provided a
habitat to 53 ant species in 6 subfamilies and 25 genera and 6 exotic species, 33
grasshopper species and the Melanoplus femurrubrum x propinquus intermediate, and 118
bee species plus an additional 2511 out of 6138 bee specimens unidentified from the
prairie (Hill and Brown, 2010; Hill, 2007; Smith et al., 2012). Nevertheless, most parts of
the Prairie are damaged due to urbanization and the expansion and intensification of
agricultural activity. Other factors threatening the land are erosion, and the spread of the
Eastern Red Cedar [Juniperus virginiana L. (Cupressaceae)] (Noss et al., 1995;
Mississippi Museum of Natural Science). The map of the prairie is presented in Figure 1.1.
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Figure 1.1

The Black Belt Prairie is a crescent shape area comprised of two major regions,
one in Mississippi and one in Alabama (By www.earthobservatory.nasa.gov).

In 2015, a modified QuEChERS UHPLC/MS-MS was used to increase sensitivity
of residue analysis to detect residue levels of neonicotinoids and fungicides in pollen and
single bumble bees (Bombus terrestis L.).The standard sample mass was 100 mg for both
sample groups and a detection limit was recorded as 0.01 to 0.84 ng/g for pollen samples
and 0.01 to 0.96 ng/g for a single bumble bee. (David et al., 2015).
It has been reported that neonicotinoids exhibit persistency in soil with repetitive
application (Haith, 2010). Rexrode et al. (2003) reported that the half-life of clothianidin
in soil is between 148-6900 days, while it was 40-997 days for imidacloprid (NPIC, 2013).
Exposure pathways are food intake, nesting materials, water, soil, crops, wildflowers,
inhalation of air contaminated with neonicotinoids, direct contact due to drift during
spraying of the insecticide, and presence of contaminated cooling water in the hive. Native
12

bees can be exposed to neonicotinoids through different paths based on their cycles.
Bumble bees and other wild bees that build their nest in soil, as well as leafcutter bees, can
become exposed to the residue due to their habit of cutting leaf fragments (Van der Sluijs
et al., 2013). Another factor that affects exposure rate based on taxa is the interaction
between body size and foraging distance in native bees. It is documented that bee taxa with
large bodies can forage further distances for pollen collection (nearly 3- 5 km) than bees
with small bodies (> 1km) (Greenleaf et al., 2007). Thus, combining an analysis of the
residue levels of neonicotinoids in both native bees and soils with taxonomical data can be
used to determine potential sources of exposure. Therefore, in this study, bees were
separated to the generic level and soil samples were obtained to be analyzed (Aim-1).
Aims
Aim-1: Developing a low-input method to analyze neonicotinoid residue levels, allowing
potential for analysis of small samples.
The reasoning for this aim is that collecting enough bees from the targeted taxa to
have a sample to analyze might not be possible in certain cases, as the size and weight of
the native bees are variable, and some are very small. To be able to detect the pesticide
residue levels, a modified QuEChERS by LC/MS-MS (Anastassiades et al., 2003) was
developed by the Mississippi State Chemistry Lab (the Hand Lab). The detection limit and
limit of quantification the modified method were (LOD): 1.56-3.12 ppb and
(LOQ): 3.12-6.25 ppb, respectively. We therefore hypothesized that detecting
neonicotinoid residue levels will be possible with 2 mg sample.
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Aim-2: Detecting total exposure of commonly used neonicotinoid insecticide in native bees
of the Black Belt Prairie in Mississippi.
Our working hypothesis is that some of the locations within a reasonable foraging
distance from agricultural fields or potential pesticide drift areas in the Black Belt Prairie
will be a source of exposure to common neonicotinoid insecticides for native bees.
Therefore, the bees will have neonicotinoid residue in their tissues that vary based on taxa
of native bees, location, and proximity to agricultural areas.
Materials and Methods
Methods
Collection
All native bee samples were collected from May to September and soil samples
were collected in March and October in 2019. Three sites were included based on a variety
of factors, these will be referred to as “North Farm”, “Osborn” and “Chickasaw”. “North
Farm”, Oktibbeha County (33o 27’43.1” N 88o45’27.4” W) is an area between the outskirts
of the town of Starkville and the MSU agricultural science fields. On the other hand,
“Osborn” (also known as 16th section as well), Oktibbeha County (33o 30’23.6”N
88o44’15.0”W) is surrounded with residential areas and covered with a vast number of
cedar trees but it otherwise is well-preserved regarding native prairie flora. Lastly,
“Chickasaw”, Chickasaw County (33o55’41.4”N 88o50’34.6”W) is a large prairie – forest
remnant which is located within the Tombigbee National Forest near a large stretch of
agricultural fields which are primarily cotton, corn, and soybeans. Since the field in
Chickasaw is under jurisdiction of the Tombigbee National Forest Service, native bee
collection was done with the permission of the forest service. Since Chickasaw is a
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comparatively large and diverse area with a clear gradient of distance from agricultural
activity on its eastern edge, the site was subdivided into 3 spots for soil and bee collection.
Sites of the locations are presented in Figure 1.2, Figure 1.3, and Figure 1.4. The sites
represent points of bee collection locations.

Figure 1.2

Sites in Chickasaw

Note: Blue line represents the edge between the forest and the soybean fields
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Figure 1.3

Sites in North Farm

Figure 1.4

Sites in Osborn

Note: Due to oblong shape of the collection area, the scale is different from Figure 1.2 and
Figure 1.3.
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Soil Sampling
Using a standard soil sampler, soil samples from North Farm (n=2), Osborn (n=2),
and Chickasaw (n=6) were collected during pre-planting and post-harvesting times for
soybeans, which are generally March and the end of October, in 2019. Soybean farmers
started planting of soybean later than usual in Chickasaw, due to unusual climate condition in
2019. Therefore, soil sampling for post-harvesting was conducted in the end of October. The
top 10 cm of soil was sampled following a “W-pattern” during collection and 10 sub-samples
were combined to yield a 100 g composite sample in a Ziploc bag. All soil samples were kept
on ice and labeled at the field by location and date. Then the soil samples were covered with a
black plastic bag to prevent photo degradation and kept at -80 oC until the chromatographic
analysis could be performed.
Bee Sampling
For collection of the native bees in the Black Belt Prairie, combo nets, aerial nets
and 64 oz Blue Vane Traps® by Springstar (Woodinville WA, USA) (n=24) were utilized.
Field trips were set once a week for each one of the sites between 8:00 am and noon. Netcaptured and trap samples were kept separate for downstream analysis. The net-captured
live native bees were kept in picnic coolers containing ice packs and regular ice and
labeled by location. After collection, all samples were labeled by taxa, location, spot,
source (sweeping or trap) and date and kept in a 50 ml conical tube or a 1.5 ml Eppendorf
tube based on bee size and stored at -80oC until further analyses.

17

Identification
Native bees were identified to genus by Brady Dunaway at the Mississippi
Entomological Museum.
Procedure of Modified QuEChERS LC/MS-MS
A modified QuEChERS by LC/MS-MS (Anastassiades et al., 2003) procedure was
performed at the Mississippi State Chemistry Lab (Hand Lab) by using an Agilent 1290 liquid
chromatograph coupled with an Agilent 6460 C triple quadrupole mass spectrometer (Agilent
Technologies, Santa Clara, CA) and an Agilent Zorbax Eclipse Plus 100-mm column for
chromatographic separation. For the mobile phase, solvent A (for aqueous phase) and solvent B
(for organic phase) were used. 0.1% formic acid in water and 0.1% formic acid in acetonitrile
(ACN) were the solvents A and B, respectively. The flow rate was 0.3 mL/min with the
following solvent gradient timetable: 0.0-1.0 of 10% B and 1.0-3.0 of 90% of B. Electrospray
ionization (ESI) was used to perform the ionization of neonicotinoids in positive mode with
nebulizing gas (N2), gas temperature 350 ˚C, and gas flow rate of 13 L/min. The analyte list, LC
condition, solvent gradient, MS conditions, and MS transitions are given in Table-1, Table 1.2,
Table 1.3, Table 1.4, and, Table 1.5, respectively.
Table 1.1

Analyte list

Acetamiprid*

Clothianidin*

Acetamiprid*

Imidacloprid*

Thiacloprid

Imidacloprid*

*Analytes under ISO 17025 Scope of Accreditation
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Table 1.2

Table 1.1

Column

Agilent ZORBAX Eclipse Plus C18, RR HT, 2.1 x 50 mm,
1.8 μm (Cat. No. 959741-902) or equivalent

Injection Volume

2 μL

Column Temperature
Flow Rate
Solvent A
Solvent B
Stop Time
Post Time

45˚C
0.3 mL/min
Water + 0.1% Formic Acid
ACN + 0.1% Formic Acid
5 minutes
3 minutes

Table 1.3

Table 1.4

Solvent gradient
Time

B%

0.00

10.0

1.00
3.00

10.0
90.0

MS conditions
Gas Temp

350 ˚C

Gas Flow

13 L/min

Nebulizer

30 psi

Sheath Gas Temp (if
applicable)
Sheath Gas Flow (if applicable)

350 ˚C
10 L/min

Capillary

4000 V
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Table 1.5

MS transitions

Analyte
Acetamiprid
Acetamiprid
Clothianidin
Clothianidin
Imidacloprid
Imidacloprid
Thiacloprid
Thiacloprid
Thiamethoxam
Thiamethoxam

Precursor
Ion
223.1
223.1
250
250
256.1
256.1
253
253
292
292

Product Ion
56.1
126
131.9
169
209.0
175.1
126
90
181
211

Fragmentor
99
99
64
64
97
94
104
104
64
64

Collison
Energy
17
13
13
9
16
9
17
41
21
5

Polarity
(+ or-)
+
+
+
+
+
+
+
+
+
+

Steps of the procedure for determination of neonicotinoid residue included: first,
approximately 2 mg of “SPIKE” sample containing pesticide was placed into a 2.5 mL
centrifuge tube and 2 mg of clean “BLANK” QC sample into a 2.5 mL centrifuge tube. Then,
an appropriate amount of pesticide solution was spiked into a QC bee sample. Note: Multiple
spiking solutions with different pesticides can be added into one sample or into separate
samples. After spiking, a homogenizing bead was added to each tube and then approximately
0.500 mL of HPLC grade water, depending on matrix, was added and a SPEX SamplePrep
Geno/Ginder® (OPS-Diagnostics, Lebanon, NJ) system was used to homogenize the sample
for 2 minutes. Note: Samples with a lower moisture content may require more water. Then,
0.5 ml of neutral or acidified acetonitrile was added and homogenized via GenoGrind for 2
minutes. Note: The type of acetonitrile added to samples depends on the compounds of
interest. After the GenoGrind process, contents of a QuEChERS packet (salts) was quickly
added and again homogenized for 2 minutes. After that, the sample was centrifuged for 2 min
at 4,000 rpm (rotor radius: 18.8 cm) and the extracted liquid was decanted into a new
centrifuge tube or auto sampler vial. If appropriate, the process was continued with secondary
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clean-up. Lastly, if necessary, extraction liquid was filtered into an auto sampler vial with a
PTFE/PVDF filter and analyzed using LC-MS/MS. Average recovery range was 88%.
Results
Bee collection results
1641 native bee specimens were obtained with 1,030 (62.76%) of them from
Chickasaw, 334 (20.35%) of them from Northfarm, and 277 (16.87%) of them from
Osborn between May and August 2019. Wet samples were discarded as they were not
eligible to be analyzed by LC/MS-MS due to hydrophilicity of neonicotinoids. Seven bee
genera from three families were collected and identified. The two most abundant genera
were Lasioglossum spp. and Augochorella spp. (Halictidae). Conversely, the two least
collected genera were Megachile spp. and Osmia sp. (Megachilidae).
To collect native bees, blue vane traps ® (SpringStar, Woodinville, WA, USA)
were used along with combo and aerial nets. The result of the collection showed that the
only genera collected more by the traps than nets was Mellissodes spp. (Apidae). The
results of the collection are shown in Table 1.6.
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Table 1.6

Bee collection results

Family
Apidae

Megachilidae
Halictidae
Overall Total

Genera
Bombus spp.
Xylocopa spp.
Mellissodes spp.
Megachile spp.
Osmia sp.
Augochorella spp.
Lasioglossum spp.

Chickasaw
BVT
Sweep
40
148
11
92
69
40
4
11
0
0
12
267
11
325
147
883

North Farm
BVT
Sweep
2
91
1
57
24
28
2
22
2
0
1
23
2
79
34
300

Osborn
BVT Sweep
9
23
11
47
6
2
1
10
1
0
1
53
1
112
30
247

Residue analysis results of the native bee specimens
In our study, 95 composite or single native bee samples and 10 soil samples were
analyzed to determine concentration of imidacloprid, thiacloprid, thiamethoxam,
clothianidin, and acetamiprid (neonicotinoids) in Chickasaw, Osborn, and North Farm by
the modified QuEChERS LC/MS-MS protocol with limit of detection (LOD): 1.56-3.12
ppb and limit of quantification (LOQ): 3.12-6.25 ppb. Number of bees per site and per
month (for Xylocopa spp. and Bombus spp.) were not consistent; therefore, some samples
were composite (Composite mass range: 0.0336 g – 10.8 g), while some of them contained
only single bee. 1522 native bees out of 1641 (92.74%) were used to get a sample for the
insecticide analysis, as we had to discard some samples as being not eligible to analyze
due to rain and unexpected tank mix herbicide application in one of our location. Our
residue analysis showed that 26 of 95 (27.4%) native bee samples contained detectable
levels of neonicotinoids. Showing that Xylocopa spp., Bombus spp., and Mellissodes spp.
(Family: Apidae) were exposed to imidacloprid, thiamethoxam, thiacloprid, and
clothianidin between May and September 2019.
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Residue analysis results of bumble bee (Bombus spp.) and carpenter bee (Xylocopa spp.)
Bumble bee (Bombus spp.) and carpenter bee (Xylocopa spp.) samples were
categorized based on genus, month, capture method (net or trap) and site. Concentration of
acetamiprid, thiacloprid, imidacloprid, thiamethoxam, and clothianidin in bumble bee
(Bombus spp.) and carpenter bee (Xylocopa spp.) samples were analyzed by the modified
QuEChERS LC/MS-MS protocol. Results of the analysis indicated that acetamiprid was
not detected in any sample site. Number of bee specimens per month is shown in Table
1.7. In addition, only imidacloprid residue was detected in one carpenter bee (Xylocopa
spp.) from the traps in North Farm. In contrast, thiacloprid was detected in both Osborn
and Chickasaw (in all three sites).
The residue results of the samples from Osborn indicated that no residue of the
analytes was detected in May even though the highest number of specimens was obtained
in May. The only analyte detected in Osborn was thiacloprid. Results of the residue
analysis showed that the highest residue level of thiacloprid per bee belonged to the
carpenter bee samples in July with 9.63 ppb, while the lowest level per bee was detected in
the bumble bee samples from August with 2.065 ppb. No residue of the analyte was
obtained in the carpenter bee samples in August.
Our insecticide analysis demonstrated that all sites in Chickasaw had three different
types of the analyte. Imidacloprid and thiacloprid residues were detected in all sites in
Chickasaw. Clothianidin concentration was observed in only “far from the field” and
“close to the field” sites, whereas “the middle” site was the only site having thiamethoxam
concentration among sites in Chickasaw, North Farm, and Osborn. It was detected that the
Chickasaw/ far from the field site had the highest neonicotinoid concentration among all
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study locations, with 116 ppb/bee (Bombus spp. /Trap/ July) imidacloprid residue detected.
On the other hand, both the highest (9.97 ppb/bee, August) and the lowest (1.6 ppb/bee,
May) thiacloprid concentrations were obtained from Chickasaw/ middle. The only analyte
obtained consecutively from May to August was thiacloprid, and the only site having
residue levels of a neonicotinoid between that period of time was Chickasaw/ middle.
Furthermore, in our study, we obtained only two samples having multiresidue of
neonicotinoids, which were both Xylocopa spp. samples. One of them was captured by
blue vane trap in May and detected having concentrations of both thiacloprid and
imidacloprid while another one was captured in June and observed having both
thiamethoxam and thiacloprid residues. The highest clothianidin residue (2.418 ppb/ bee)
was obtained from Chickasaw/ close to the field site. Both clothianidin concentrations
were observed in Bombus spp. samples. The one in “the close” site was captured via net in
June and another one in “far from the field” site was obtained via the traps in May. The
second greatest neonicotinoid residue was detected in Chickasaw/ close to the field, which
was 94.6 ppb/bee imidacloprid. The residue analysis result of the bumble bee (Bombus
spp.) and carpenter bee (Xylocopa spp.) samples is shown in Table 1.8.
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Table 1.7

C/C

C/M

C/F

N

O

Number of bee specimens per month
BEE SAMPLES
Xylocopa spp.
Xylocopa spp.
Bombus spp.
Bombus spp.
Xylocopa spp.
Xylocopa spp.
Bombus spp.
Bombus spp.
Xylocopa spp.
Xylocopa spp.
Bombus spp.
Bombus spp.
Xylocopa spp.
Xylocopa spp.
Bombus spp.
Bombus spp.
Xylocopa spp.
Xylocopa spp.
Bombus spp.
Bombus spp.

METHOD
Net
Trap
Net
Trap
Net
Trap
Net
Trap
Net
Trap
Net
Trap
Net
Trap
Net
Trap
Net
Trap
Net
Trap

MAY
4
0
2
2
16
2
23
0
7
2
7
14
14
1
13
1
44
9
6
0

JUNE
0
0
22
3
1
1
34
2
7
0
36
2
22
0
38
0
1
0
4
0

JULY
7
1
6
2
13
0
5
2
37
1
4
1
0
0
13
0
2
1
4
2

AUG
0
2
0
4
0
0
1
0
0
0
1
5
4
0
27
1
0
1
6
3

SEPT.
0
1
0
1
1
2
1
0
0
1
1
0
0
0
0
0
0
0
0

Note: C/C: Chickasaw/ Close: C/M: Chickasaw/Middle; C/F: Chickasaw/ Far; O: Osborn; N:
North Farm; (N): Net; (T): Trap.
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Table 1.8

The residue analysis result of Bombus spp. and Xylocopa spp. samples

Analytes
Thiacloprid
Thiacloprid
Thiacloprid
Thiacloprid
Clothianidin
Imidacloprid
Imidacloprid
Thiacloprid
Imidacloprid
Thiacloprid
Thiamethoxam
Thiacloprid
Thiacloprid
Thiacloprid
Imidacloprid
Clothianidin
Thiacloprid
Imidacloprid
Imidacloprid

Loc.
O
O
O
C/ C
C/ C
C/C
C/C
C/M
C/M
C/ M
C/ M
C/ M
C/ M
C/ F
C/F
C/F
C/ F
C/ F
N

Month
June
July
August
May
June
August
September
May
May
June
June
July
August
May
May
May
June
July
July

(N) Xylocopa
spp.
ppb
ppb/bee
6.11
6.11
9.63
9.63
5.22
2.61
94.6
94.6
7.59
7.59
7.76
7.76
6.1
2.03
4.62
2.31
-

(T) Xylocopa
spp.
ppb ppb/bee
3.2
1.6
7.53
3.795
8.24
8.24

(N) Bombus
spp.
ppb ppb/bee
5.8
2.9
4.13
2.065
26.6
2.418
8.83
4.415
9.97
9.97
6.08
2.027
-

(T) Bombus
spp.
ppb ppb/bee
4.98
1.245
9.16
0.65
116
116
-

Note: Loc.: Location; C/C: Chickasaw/ Close: C/M: Chickasaw/Middle; C/F: Chickasaw/ Far; O:
Osborn; N: North Farm; (N): Net; (T): Trap; -: Not Detected.

Residue analysis results of Mellissodes spp., Megachile spp., Augochorella spp., and
Lasioglossum spp.
Mellissodes spp., Megachile spp., Augochorella spp., and Lasioglossum spp. samples
were classified based on method of capture, sites, and genus. According to the LC/MS-MS
analysis, no residue of the analytes was detected in Megachile spp., Augochorella spp., and
Lasioglossum spp. samples in all sites. Mellissodes spp. specimens were the only samples having
residue of one of the analytes from all of the collection sites. Imidacloprid was the only active
compound detected in Mellissodes spp. specimens. Except North Farm, all the samples from
which residue of imidacloprid was detected were obtained via blue vane traps. The highest
imidacloprid residue level per bee (9.88 ppb) was obtained from the samples from Osborn while
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the lowest imidacloprid residue level per bee ( 0.0382 ppb) belonged to the samples from North
Farm. Furthermore, residue level of imidacloprid per bee increased with proximity to the field in
Chickasaw for Mellissodes spp. samples. Residue levels of imidacloprid in Mellissodes spp.
samples are presented in Table 1.9 and total exposure levels of all of the bee samples are
demonstrated in Figure 1.5.
Table 1.9
Analytes

Residue levels of imidacloprid in Mellissodes spp. samples
Location

(T)
Mellissodes
spp.

ppb

ppb/bee

(N)
Mellissodes
spp.

ppb

ppb/bee

Imidacloprid
O
6
59.3
9.88
Imidacloprid
C/ C
12
13.9
1.158
Imidacloprid
C/ M
10
6.97
0.697
Imidacloprid
C/ F
28
7.76
0.277
Imidacloprid
N
28
10.7
0.0382
24
3.08
0.128
Note: C/C: Chickasaw/ Close: C/M: Chickasaw/Middle; C/F: Chickasaw/ Far; O: Osborn; N:
North Farm; (N): Net; (T): Trap.
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Figure 1.5

Total exposure levels of bee samples

Note: C/C: Chickasaw/ Close: C/M: Chickasaw/Middle; C/F: Chickasaw/ Far; O: Osborn; N:
North Farm; (N): Net; (T): Trap.

Residue analysis results of soil samples
In our study, soil samples were analyzed by the modified QuEChERS LC/MS-MS
protocol with LOD: 0.20-0.78 ppb and LOQ: 0.40-39 ppb. Our pesticide analysis pointed out that
none of the analyte was detected in the soil samples from the study fields. The results indicated
that either the real concentration was below the detection limit or detectable amount of the
analytes were degraded.
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Discussion
Neonicotinoids have been associated with disruption in reproduction, navigation,
foraging behaviour, learning capacity, and adult longevity in honeybees and several native bee
species (Blacquière et al., 2012; Whitehorn et al., 2012; Sandrock et al., 2014; Main et al., 2018)
and reduction in species richness of native bees (Main et al., 2020). Our aim in this study was to
analyze native bees of the Mississippi Black Belt Prairie to evaluate total exposure to
neonicotinoids. Our hypothesis is that bees native to remaining patches of prairie may be
commonly exposed to neonicotinoids based on their proximity to agricultural areas. Our results
showed that location, proximity to agricultural areas, and bee taxa influenced both the exposure
level and type of active compound which the bees were exposed to.
Residue levels of neonicotinoids in soil and native bee samples
In this study, two exposure routes of native bees to neonicotinoids were assessed, which
were non-target soil (Bonmatin et al., 2015; Woodcock et al., 2016) and life cycle of the native
bees (Van der Sluijs et al, 2013). Our pesticide analysis in soil samples pointed out that no
concentration of the analytes (acetamiprid, clothianidin, thiamethoxam, imidacloprid, and
thiacloprid) were detected by our modified QuEChERS LC/MS-MS protocol (Anastassiades et
al., 2003) with LOD: 0.20-0.78 ppb and LOQ: 0.40-39 ppb in non-target soil samples in both
pre-seeding and post-harvesting season in all sites (Chickasaw, Osborn, and North Farm).
However, neonicotinoid residue in soil samples from close to experiment sites and experimental
fields was detected in a previous similar study by Krupke et al. (2012). The researchers collected
the top 2-3 cm of soil to analyze neonicotinoid concentration in experimental fields and adjacent
to the experimental sites in July 2010. Experimental sites were planted with maize with seed
treatment of clothianidin and thiamethoxam. According to the study, observed residue levels of
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thiamethoxam (LOD: 1.0 ppb) was ND (Not Detected) in all soil samples taken near four
different experiment fields (unplanted sites) with a modified version of the QuEChERS LC/MSMS protocol (Anastassiades et al., 2003). Nonetheless, imidacloprid (LOD: 1.0 ppb) and
clothianidin (LOD: 2.0 ppb) residues were detected in soil samples from experimental fields
surrounded by soybean and/or maize production fields. Moreover, it was recorded that
clothianidin concentration was present in both the surface soil of production fields and unplanted
fields. The authors claimed that dust dispersed during spring planting might be a source for
honeybees to be exposed to neonicotinoids.
Main et al. (2020) stated that residue levels of clothianidin was detected in pre-seeding
(0.11 μg/kg) and growing season (3.34 μg/kg) in margin soils near a neonicotinoid applied field
in Missouri. In margin soils near an untreated field (reference field), clothianidin residue was
recorded as 0.14 μg/kg and 0.74 μg/kg in pre-seeding and post-seeding season, respectively. In
the study, the top 10 cm of soil were collected from treated and reference fields four different
times (Mid- April, Mid-June, July, and September) between April and late September 2016.
Fields treated with at least one application of neonicotinoid seed treatment within 5 years were
chosen as treatment fields, whereas reference fields were chosen from other areas, which were
never treated with neonicotinoid seed treatment or not planted with the seed treatment for over
10 years. In addition, the distance from the treaded fields to the sample fields varied wildly, with
some distances exceeding 1 km while others were within 500 m of each other. The mean annual
precipitation and maximum temperature in July were stated as 864 to 1270 mm and 31°C,
respectively, in Missouri. However, Stewart et al. (2014) pointed out that residue levels of
neonicotinoids in pre-seeding soils was between 0 (Not detected) and 36 μg/kg in the southern
U.S. The reason of differences in neonicotinoid concentration among the studies can be
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attributed to different properties of soil and climate. Bonmatin et al. (2015) proposed that
concentration of neonicotinoids in soil depends on degradation rates, which are affected by soil
type (specifically by texture and proportion of organic matter in soils), temperature, humidity,
pH, UV radiation, and latitudes. In our study, we did not have a pesticide application record of
the fields and distance from agricultural fields were <0.20 km for North Farm, between 0.83 km
and 1.26 for Osborn, and between 0.02 km (20 m) and 1.14 km for Chickasaw. In addition, we
collected our soil samples in March (pre-seeding) and October (post-harvest) to measure the
concentration of neonicotinoids in the study areas when some bee taxa were expected to begin
their foraging activity. The average annual precipitation and average high temperatures in July
are 1422 mm and 31.7°C - 33.3°C in Mississippi (National Weather Service, 2020). These
temperatures and rainfall rates are higher than in many of the previous studies and these, along
with other slight differences in methods, soil-type, etc., are likely explanations for the lack of
neonicotinoids in our soil samples.
Our residue analysis in native bee samples showed that imidacloprid (46.2%) and
thiacloprid (42.3%) were the most frequently detected analytes from the samples, while
thiamethoxam (3.8%) was the least detected active compound and it was the only compound
which was detected in only one site. Clothianidin (7.7%), a major metabolite of thiamethoxam
(Schneider et al., 2012) was the second least detected neonicotinoid. Nonetheless, some studies
reported that the most frequently detected analytes in neonicotinoid insect class were
thiamethoxam and/or clothianidin. Hladik et al. (2016) reported that thiamethoxam and
clothianidin were the most frequently detected active compounds among 136 current-use
pesticides in native bees. Additionally, some of the highest residue levels of the pesticides were
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belonged to those two insecticides. Krupke et al.(2012) Kasiotis et al.(2014) indicated that
clothianidin was detected in honeybees more frequently than other neonicotinoids.
Mellissodes spp. are claimed to be the most species-rich genus of the tribe Eucerini
(Michener, 2007). More than 120 species of them dwell in North and Central America and seven
species of Mellissodes spp. occur in South America (Urban, 1973). It was reported by Cameron
et al. (1996) that the bee taxa are solitary and burrow their nest into the soil. They then aggregate
in the nest. Their significance as a pollinator has been stressed by several researchers owing to
their high number of species and high abundance (Linsley, 1946; LaBerge, 1956; Hurd et al.,
1980; Parker, 1981a, 1981b). In addition, they were reported as a significant sunflower pollinator
(Parker,1981a, 1981b; Greenleaf & Kremen, 2006; Ricketts et al., 2008). According to Cilla et
al. (2012), some of the Mellissodes species are classified as polylectic (generalist pollinators),
while some of them are oligolectic (specialist pollinators) on Asteraceae (Cilla et al., 2012). In
our study, the only analyte concentration obtained from Mellissodes spp. samples was
imidacloprid and (excepting North Farm) all pesticide concentration positive samples were
captured via blue vane traps. The reason for having only imidacloprid residue in Mellissodes spp.
samples might be that some species in the genus are oligolectic pollinators. Additionally, their
foraging distance is shorter than foraging distance of Bombus spp. and Xylocopa spp. Hence,
diversity and abundance of visited plant may decrease, which may result in less exposure to other
neonicotinoids but more exposure to local pesticide applications. The interaction between mean
body size and maximum foraging distances of solitary bees in Europe has been studied by
several researchers. As stated by Molitor (1936) (1937), foraging distance/ body length for
Xylocopa violacea (L.), Tetralonia salicariae (Lepetier), and Osmia anthocopoides (Schenk) was
documented as 1200 m/ 24 mm, 400 m/ 10-5 mm, and 150 m/ 9-5 mm, respectively. Gathmann
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(1996) reported that foraging distance was recorded as 200 m for 8-8 mm of body length of
Chelostoma rapunculi (Lepetier) and 600 m for 11 m of body length of Osmia rufa (L.).As it
was claimed by Greenleaf et al. (2007), as the size of the bee increases, foraging distance gets
larger. This interaction between body size and foraging distance might be a reason that were
unable to detect neonicotinoid concentration from Halictidae and Megachilidae samples and
having diverse results from Xylocopa spp. and Bombus spp. samples in terms of the analyte
detected and concentration of them.
Conclusion
In this study, it was recorded that certain taxa of native bees from the study area had been
exposed to neonicotinoids. Five neonicotinoids were studied, including imidacloprid, thiacloprid,
thiamethoxam, clothianidin, and acetamiprid. Four of the five analytes were detected in the
native bees collected from all sampling sites in May-September 2019. Results of the analysis are
shown in Figure 1.6, Figure 1.7, and Figure 1.8.
The neonicotinoid positive bee samples varied depending on properties of sampling
location and bee taxa. The most specious sampling location was our largest site Chickasaw,
which is a land between agricultural fields and a national forest. Four of the five neonicotinoids
were detected in the native bee samples from the location. Osborn, a thin protected area
surrounded by residential lands and agricultural fields, was the second most specious location
that tested positive for thiacloprid and imidacloprid concentrations. On the other hand, North
Farm, a small field located between a small town and Mississippi State University agricultural
lands used for scientific purposes, only contained imidacloprid residue. The only analyte
detected in all tested areas was imidacloprid, while the second most frequently detected
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neonicotinoid was thiacloprid. The least frequently observed active compound was
thiamethoxam obtained in only Chickasaw (middle).

Figure 1.6

Residue analysis results of Chickasaw

Note: Clothianidin concentration was detected in both “far from the field” (9.16 ppb/ 9.16 ppb
per bee) and “close to the field” (26.6 ppb/ 2.418 pb per bee) locations, while thiamethoxam
residue was obtained in “middle” (7.76 ppb/ 7.76 ppb per bee) location.
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Figure 1.7

Residue analysis results of North Farm

Figure 1.8

Residue analysis results of Osborn
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The likelihood of detecting neonicotinoid residues coincided with bee taxa. Samples from
family Apidae were the only samples we obtained with detectable neonicotinoid concentrations.
Foraging distance, pollinic selectivity (polylecty or oligolecty), and life cycle of native bees are
all potential causes for the differences in neonicotinoid concentration among the collected bee
taxa.
To help comprehend detected neonicotinoid residues in native bee samples, the
concentrations were compared with LD50 values of the detected analytes for Apis mellifera,
Bombus impatiens, Megachille rotundata, and Bombus terrestris. Our results suggest that most
of the native bee samples that were exposed to the analytes had lower neonicotinoid
concentrations than the LD50 compared. Tables comparing the detected concentration to the
species specific LD50 level are presented in Table 1.10 (Chickasaw) and Table 1.11 (Osborn and
North Farm).
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Table 1.10

Comparison of the detected concentration to the species specific LD50 level
(Chickasaw)

Analyte

LD50 value
(ppb)

Clothianidin

3,900

Thiacloprid

173,810

Imidacloprid

32,200

Imidacloprid

1,700

Imidacloprid

32,200

Analyte

LD50 value
(ppb)

Thiamethoxa
m
Thiacloprid

63.1
173,810

Thiacloprid

173,810

Imidacloprid

1,700

Imidacloprid

32,200

Analyte

LD50 value
(ppb)

Clothianidin

3,900

Thiacloprid

173,810

Thiacloprid

173,810

Imidacloprid

1,700

Imidacloprid

32,200

Imidacloprid

32,200

CHICKASAW/ CLOSE
Organism
LD50 Contact/
Analyte
Oral - Unit
Conc.(ppb/
bee)
Bombus
Contact (48h)
2.418
impatiens
(ppb)
Apis
Contact (24h)
2.61
mellifera
(ppb)
Bombus
Contact (48h)
94.6
impatiens
(ppb)
Megachille
Contact (48 h)
1.158
rotundata
(ppb)
Bombus
Contact (48 h)
1.245
impatiens
(ppb)
CHICKASAW/ MIDDLE
Organism
LD50 Contact/
Analyte
Oral - Unit
Conc.(ppb/
bee)
Bombus
Oral (48 h)
7.76
terrestris
(ppb)
Apis
Contact (24 h)
7.59
mellifera
(ppb)
Apis
Contact (24 h)
1.6
mellifera
(ppb)
Megachille
Contact (48 h)
0.697
rotundata
(ppb)
Bombus
Contact (48 h)
3.765
impatiens
(ppb)
CHICKASAW/ FAR
Organism
LD50 Contact/
Analyte
Oral - Unit
Conc.(ppb/
bee)
Bombus
Contact (48 h)
0.65
impatiens
(ppb)
Apis
Contact (24 h)
2.027
mellifera
(ppb)
Apis
Contact (24 h)
2.31
mellifera
(ppb)
Megachille
Contact (48 h)
0.277
rotundata
(ppb)
Bombus
Contact (48 h)
116
impatiens
(ppb)
Bombus
Contact (48 h)
2.03
impatiens
(ppb)

Bee
Sample

Reference

Bombus
spp. (N)
Xylocopa
spp. (N)
Xylocopa
spp. (T)
Mellissode
s spp. (T)
Bombus
spp. (T)

Scott-Dupree et al.
(2009)
Iwasa et al. (2004)

Bee
Sample

Reference

Xylocopa
spp. (N)
Xylocopa
spp. (N)
Xylocopa
spp. (T)
Mellissode
s spp. (T)
Xylocopa
spp. (T)

Mommaerts et al.
(2010)
Iwasa et al. (2004)

Scott-Dupree et al.
(2009)
Scott-Dupree et al.
(2009)
Scott-Dupree et al.
(2009)

Iwasa et al. (2004)
Scott-Dupree et al.
(2009)
Scott-Dupree et al.
(2009)

Bee
Sample

Reference

Bombus
spp. (T)
Bombus
spp. (N)
Xylocopa
spp. (N)
Mellissode
s spp. (T)
Bombus
spp. (T)
Xylocopa
spp. (N)

Scott-Dupree et al.
(2009)
Iwasa et al. (2004)
Iwasa et al. (2004)
Scott-Dupree et al.
(2009)
Scott-Dupree et al.
(2009)
Scott-Dupree et al.
(2009)

Note: In this table, only positive results were shown; therefore, no data from Halictidae and
Megachilidae families were presented.
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Table 1.11

Analyte

Comparison of the detected concentration to the species specific LD50 level
(Osborn and North Farm)

Thiacloprid

LD50
value
(ppb)
173,810

Apis mellifera

Thiacloprid

173,810

Apis mellifera

Thiacloprid

173,810

Apis mellifera

Imidaclopri
d

1,700

Megachille
rotundata

Analyte

LD50
value
(ppb)
1,700

Organism

Imidaclopri
d

Organism

OSBORN
LD50 Contact/
Oral - Unit

Analyte
Conc.(ppb/ bee)

Bee Sample

Reference

2.05

Bombus spp.
(N)
Xylocopa
spp.(N)
Xylocopa
spp. (N)
Mellissodes
spp. (T)

Iwasa et al.
(2004)
Iwasa et al.
(2004)
Iwasa et al.
(2004)
ScottDupree et al.
(2009)

NORTH FARM
LD50 Contact/
Analyte
Oral - Unit
Conc.(ppb/ bee)

Bee Sample

Reference

Megachille
rotundata

Contact (48 h)
(ppb)

0.128

Mellissodes
spp. (N)

ScottDupree et al.
(2009)
ScottDupree et al.
(2009)
ScottDupree et al.
(2009)

Contact (24 h)
(ppb)
Contact (24 h)
(ppb)
Contact (24 h)
(ppb)
Contact (48 h)
(ppb)

6.11
9.63
9.88

Imidaclopri
d

1,700

Megachille
rotundata

Contact (48 h)
(ppb)

0.0382

Mellissodes
spp. (T)

Imidaclopri
d

32,200

Bombus
impatiens

Contact (48 h)
(ppb)

8.24

Xylocopa
spp. (T)

Note: In this table, only positive results were shown; therefore, no data from Halictidae and
Megachilidae families were presented.

In the classical approach, the determination of lethal dose (LD50) or concentration (LC50)
was the first step for determining the adverse effects of pesticides on non-target organisms such
as pollinators. Identification of sub-lethal effects of a pesticide on non-target organism was the
second step (Croft, 1990). In our study, neonicotinoid concentrations detected in the native bee
samples were below the LD50 when compared; however, some of the detected concentrations
were in the range of sub-lethal dose of the active compounds. Charreton et al. (2015) studied the
effects of sub-lethal doses of thiamethoxam on locomotor ability of newly emerged honeybees
injected with 3.8 ng/bee ( ̴ 45.24 ppb) thiamethoxam at the dorsal part of thorax. The researchers
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asserted that a sub-lethal dose of thiamethoxam (3.8 ng/ bee) lead to a deficiency in locomotor
ability in honeybees. Another study investigating the effects of a sublethal dose of thiamethoxam
on learning performance and memory in honeybees claimed that 24 h contact exposure to
thiamethoxam at 0.1 ng/bee dose (̴ 1.19 ppb) resulted in memory impairment following a
recovery at 48 h. Moreover, an inverse correlation between 1 ng/ bee (̴ 11.9 ppb) contact
thiamethoxam exposure and learning performance was recorded, while no significant
consequence on olfactory memory was observed (El Hassani et al., 2008; Aliouane et al., 2009).
In contrast, Bartling et al. (2019) studied the interactions between conditioning behavior and
olfactory ability of honeybees and oral clothianidin exposure. The researchers proposed that 300
and 3000 pg/bee (̴ 3.57 and 35.74 ppb) clothianidin deterred the olfactory conditioning; however,
no significant effect of the exposure was observed on conditioning behaviour of treated
honeybees. The lowest observed effect concentrations (LOEC) of imidacloprid and its
metabolite, 5-hydroxy-imidacloprid, were observed to evaluate interactions between chronic
feeding tests (up to 11 days) with the compounds and learning performances of winter and
summer honeybees (Decourtye et al., 2003). It was indicated that reduced learning capacity was
recorded after chronic oral exposure to 48 µg/kg (48 ppb) imidacloprid and 120 µg/kg (120 ppb)
5-hydroxy-imidacloprid for winter honeybees. Furthermore, the authors proposed that summer
honeybees were more sensitive to imidacloprid than winter honeybees were, since LOEC was
recorded as 12 µg/kg (12 ppb) for summer honeybees. Another result of exposure to a sub-lethal
dose of neonicotinoids is impaired development. Delay in larval development in honeybees, and
Osmia lignaria at 5 µg/kg (5 ppb) and 30-100 µg/kg ( 30-100 ppb) imidacloprid oral exposure,
respectively, was recorded by Decourtye et al. (2005) and Abbott et al. (2008). In addition, Tasei
et al. (2000) reported that microcolonies of bumble bees (Bombus terrestris) exhibited a
39

reduction in brood production after being fed with sugar-water and pollen containing 10 µg/kg
(10 ppb) and 6 µg/kg (6 ppb) imidacloprid, respectively.
The sub-lethal effects of imidacloprid on predator voracity and functional response in
Serangium japonicum (Coleoptera: Coccinellidae), a predator of the whitefly Bemisia tabaci
(Hemiptera: Aleyrodidae), were studied by He et al. (2012). S. japonicum were exposed to dried
residues of imidacloprid (5 ppm) (5000 ppb) on cotton leaves. It was reported that handling time
of eggs of B. tabaci increased, whereas peak egg consumption rate significantly decreased after
exposure. Therefore, the results pointed out that contact exposure to 5 ppm imidacloprid
disrupted predator voracity. On the other hand, no alteration in functional response was observed
due to the exposure. In addition, it was declared that after relocating the treatment groups to
untreated cotton leaves, all adverse effect disappeared. Lastly, the authors claimed that when the
recommended field dose of imidacloprid for cotton was systematically applied, no toxicity to the
predator species was observed.
Correlation between sub-lethal dose of neonicotinoids and longevity of insects is another
aspect of sub-lethal effect study. Uysal et al. (2015) conducted a research on a correlation
between longevity of wild type Drosophila melanogaster (Diptera: Drosophilidae) Oregon R and
oral imidacloprid and acetamiprid exposure at 0.5, 1.0, 1.5, and 2.0 ppm doses (500, 1000, 1500,
and 2000 ppb). The results demonstrated that an inverse relationship between the concentration
of neonicotinoid exposure and longevity. Basley and Goulson (2018) researched the effects of 15
ppb clothianidin on the larval development of the common blue butterfly, Polymmatus icarus
(Lepidoptera: Lycaenidae). It was recorded that the exposure induced a reduction in larval
growth for the first 9 days of the study. The authors stated that both sub-lethal and lethal effects
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were observed in the larval phase of the butterfly. However, survival of many larvae to
adulthood was recorded even after exposure to high doses of clothianidin.
There have been several studies conducted on neonicotinoid exposure on bees and native
bees to assess a field-realistic dose (Lundin et al., 2015). However, based on our knowledge, this
is the first study conducted on neonicotinoid concentration per bee taxa in the world. Results of
this study can be used as preliminary data for further research such as determination of LD50 for
native bees with field realistic exposure dose, or interaction between neonicotinoid concentration
and neonicotinoid resistance based on bee taxa in future.
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NOTE
At first, there was the third aim which was “Functional in vivo RNAi study of the
role of CYP9Q3 in neonicotinoid metabolism” and preliminary data was obtained for this
aim and planned to initiate the study in March 2020. However, due to the circumstances
caused by COVID-19, this aim was abandoned.
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